In Escherichia coli, there are repeated nucleotide sequences such as duplicated genes, genes presumably derived from a common ancestral gene, short duplicated segments within genes sharing a common function within a protein product, large directly repeated or inverted sequences, and small repeated sequences both within and between coding segments (10) . Among short duplications in noncoding regions, the repetitive extracistronic palindromic sequences or palindromic units of 20 to 40 nucleotides with dyad symmetry occupy almost 1% of the whole genome of E. coli (4) .
We described an unusual nucleotide arrangement in which a highly conserved sequence of 29 base pairs (bp) is tandemly repeated five times with a spacing of 32 bp downstream of the iap gene (6) . Although the 29-bp sequence contains an inverted repeat of 7 bp, it has no similarity to the repetitive extracistronic palindromic sequences or hin and gin group sequences (4, 10) .
Detection of the 29-bp repeats in the E. coli genome. The DNA fragment containing the iap gene was cloned from a strain carrying an F' factor (9), so we could not rule out the possibility that the repeated sequences were derived from the F factor. To detect the 29-bp sequence in the genome of E. coli, the chromosomal DNA was isolated from strain K10 (3), as described previously (1), and digested with BamHI, EcoRI, or HindlIl. The DNA fragments were analyzed by Southern blot hybridization (13) after electrophoresis in a 0.8% agarose gel with a mixture of two 32P-end-labeled synthetic oligonucleotides, CGGTTTATCCCCGCTGGCGC GGGGAACTC and CGGTTTATCCCCGCTAACGCGGGG AACTC, both of which are the conserved sequences for the repeats (6) .
Two BamHI fragments, about 8.0 and 3.9 kilobase pairs (kb), two HindlIl fragments, about 9.7 and 1.5 kb, and one EcoRI fragment of about 30 kb hybridized with the probe oligonucleotides (Fig. 1 recloned into a plasmid, pUC18, and we confirmed that it contained the functional iap gene after introducing the recombinant plasmid into an lap mutant strain, ANJ426 (9; data not shown). The restriction map of the 9.7-kb HindlIl fragment agreed completely with that described previously (9) .
As the repeats of the 29-bp sequence in the 9.7-kb HindIll fragment were found downstream from the coding region of the iap gene and as the region containing the repeats was carried on the 2.3-kb PstI-HindIII fragment (6, 9), the latter DNA fragment was recloned into M13mpl8 and M13mp19 phages for sequencing. Nucleotide sequences of the 2.3-kb DNA fragment and the 1.5-kb HindIlI fragment that hybridized with the probe DNA were analyzed by the dideoxychain termination method (8, 11) . A total of 14 repeats of the conserved 29-bp sequence were found in the 2.3-kb PstIHindIll fragment, and seven repeats were found in the 1.5-kb Hindlll fragment ( Fig. 2A and B) . Nucleotide C at 1664 in Fig. 2A was mistakenly identified as G in a previous paper (6) ; this nucleotide was derived from the vector plasmid. The repeated 29-bp sequences are highly conserved. The nucleotide sequences of 15 repeats among the 21 were exactly the same, except for the 28th nucleotides, where A or T was found. The homology of the first repeat to the consensus sequence was weaker (56%) than the remaining repeats, which deviated from the consensus only by 1 or 2 bp. Of the 29 nucleotides, 20 were either G or C (71%), and therefore the G+C content in this region was higher than the mean for the chromosome DNA, 51% (12 reading frames that could code for proteins with molecular weights of 10,000 or more were found in the region covering the repeats in each DNA segment, one downstream of the iap gene in the same orientation (nucleotides 1929 to 2216 [ Fig. 2A] ) and the other in the 1.5-kb segment (nucleotides 257 to 550 [Fig. 2B]) . However, no consensus sequence for ribosome-binding sites was found at an appropriate position upstream from these open reading frames. An open reading frame coded for by the other DNA strand was found in each of the DNA segments. The one continuing from the 3' end of the sequenced region and ending at nucleotide 998 in the 1.5-kb segment, which coded for 174 amino acids, may be a distal part of an unknown gene. No repeats of the 29-bp sequence were in this region. Thus, these repeated sequences were probably in noncoding regions. The biological function of the repeated sequences, such as chromosomal rearrangement or modulation of expression of the gene immediately upstream or downstream, is not known.
Location of the DNA fragment containing the repeats. The iap gene and one set of the repeats are carried on the 9.7-kb HindIII fragment, the other set is on the 1.5-kb HindIll fragment, and both sets are on the single 30-kb EcoRI fragment, so two sets of the repeat should be on a 30-kb EcoRI fragment in the vicinity of the iap gene. In addition, each set of the repeats is carried on the 8.0-and 3.9-kb BamHI fragments, respectively. Therefore, both BamHI fragments should be contained in or overlap the 30-kb EcoRI fragment. To locate these two sets, we examined the restriction map of the E. coli chromosome constructed by Kohara et al. (7) in the vicinity of the iap locus. A region that fulfills the above conditions was found between iap (59.1 min) and pyrG (59.7 min); one set was near the iap gene and the other was near the pyrG gene (Fig. 3) .
The chromosomal segments in this region have been cloned into the lambda clones 1B5, 6C8, 9A10, 1B3, and 8B9 (7; Fig. 3 ). To locate each set of repeats, we hybridized the DNAs isolated from these phages and the 32P-labeled synthetic oligonucleotides or the labeled 1.5-kb HindlIl fragment (Fig. 4) . DNAs of phage clones lB5 and 6C8 hybridized with the 29-mer probe oligonucleotides more than those of 1B3 and 8B9 did, and clones 1B3 and 8B9 hybridized with the 1.5-kb HindlIl fragment much more than the other two did. DNAs of 25D2 and 9A10 clones, neither covering the 3.9-kb BamHI fragment or the 1.5-kb HindIII fragment, did not hybridize with either of these DNA probes. Chromosomal DNA segments cloned into these phage clones did not complement the iap gene mutation (data not shown). Thus, the two DNA segments containing the repeated sequences were on the EcoRI fragment, one in the end at 59.1 min and the other in the other end near 59.7 min (Fig. 3) .
The order and relative positions of the restriction sites of PstI, BglI, and EcoRV found in the DNA segment between Fig. 3) . Therefore, the DNA sequence illustrated in Fig. 2A is clockwise on the genetic map, and the iap gene is transcribed and translated in this orientation. Thus, we concluded that the DNA segment with 14 repeats of the 29-bp sequence is located at 59.1 min and, at a distance of about 24 kb, the other DNA segment with seven repeats of the similar nucleotide sequence is located at 59.6 min.
Examination of similar repeats in other gram-negative bacteria. To see whether sequences similar to the 29-bp sequence exist in other E. coli strains and in other species of gram-negative bacteria, Southern blotting analysis was done with chromosomal DNA from E. coli C600 and Ymel (3), Salmonella typhimurium TA1535 (2), Shigella dysenteriae Sh (5), Klebsiella pneumoniae, and Pseiudomonas aeriuginosa (obtained from the Institute for Fermentation, Osaka), with a mixture of synthetic oligonucleotides as a probe (Fig.  5) . Chromosomal DNAs of strains of Salmonella typhimurium and Shigella dysenteriae, as well as of other E. coli strains (data not shown), hybridized with the probe, but no hybridizable DNA sequence was detected in the genome of K. pneumoniae or P. aeruginosa.
